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(57) ABSTRACT 

Micro-sized particles having a polymeric structure of cells are 
provided. Also provided is a method of producing micro 
sized particles having a polymeric structure comprising: (1) 
forming a homogenous Solution by heating a mixture of a 
high molecular weight polymer and a low molecular weight 
material, wherein said low molecular weight material makes 
up at least about 50% by weight of the homogenous solution, 
(2) forming a dispersed solution by dispersing the homog 
enous solution formed in step (1) into an inert material, (3) 
cooling the dispersed solution to cause the high molecular 
weight polymer to phase separate from the low molecular 
weight material. (4) forming Solid particles comprised of said 
low molecular weight material trapped inside a structure of 
cells of said high molecular weight polymer, and (5) remov 
ing the solid particles from the dispersed solution. 

21 Claims, No Drawings 
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MICRO-PARTICLES CONTAINING A 3-D 
POLYMERC STRUCTURE 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application claims priority to provisional application 
60/988,476 filed on Nov. 16, 2007. 

BACKGROUND 

Porous materials are well known. Common techniques for 
creating porous materials such as foams and sponges include 
expanding fluid, for example, by creating cells through the 
use of blowing agents, bubbling gas through the fluid, or 
mechanical agitation. However, it is difficult to form stable 
micro-sized pores using these methods. 

In regard to membrane materials, techniques for making 
relatively micro-sized pores include stretching, etching, 
physical perforation, or mixing a base material with a soluble 
material and dissolving out the soluble material. However, 
these techniques produce poor cell uniformity and low poros 
ity. 

To produce a material with uniform micro-sized pores, it is 
taught in U.S. Pat. Nos. 5.451,454 and 5,716,997 that a minor 
amount of a high molecular weight material can be blended 
with a majority amount of a low molecular weight material. 
The low molecular weight material can Subsequently be 
removed by an organic solvent, leaving behind a porous mate 
rial of a three-dimensional continuous network cell-structure 
of the high molecular weight material. The cells have an 
average diameter of less than 500 micrometers. 

These materials comprising micro-sized pores may be used 
in, for example, damping applications, separation applica 
tions, and adsorption applications. For instance, contami 
nant-free exchange of gasses may be accomplished using 
microporous materials. Mold spores, bacteria, and other air 
borne contaminants will become trapped, while allowing gas 
ses to pass through the material. Similarly, microporous 
materials may be used as membranes to filter fluids, such as in 
water purification. However, these materials have a relatively 
low Surface area to expose the cells (pores). 

There remains a need to develop a material with a higher 
Surface area of exposed pores to improve adsorption and 
separation capabilities of a porous material. 

SUMMARY OF THE INVENTION 

A particle having a diameter between 1 and 500 microme 
ters is provided, wherein said particle comprises a polymeric 
structure of cells formed from a polymeric material compris 
ing a polymer having a number average molecular weight of 
at least 20,000 g/mole, wherein said cells have an average 
diameter between 0.1 and 50 micrometers. 

Also provided is a method for forming a particle having a 
polymeric structure of cells. The method comprises: (1) form 
ing a homogenous Solution by heating a mixture of a high 
molecular weight polymer having a number average molecu 
lar weight (M) of at least 20,000 g/mole and a low molecular 
weight material having a M., of less than 20,000 g/mole, 
wherein said low molecular weight material makes up at least 
about 50% by weight of the homogenous solution, (2) form 
ing a dispersed solution by dispersing the homogenous solu 
tion formed in step (1) into an inert material, wherein the 
homogenous solution formed in step (1) is phase separated 
from the inert material, (3) cooling the dispersed solution to 
cause the high molecular weight polymer to phase separate 
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2 
from the low molecular weight material, (4) forming Solid 
particles comprised of said low molecular weight material 
trapped inside a structure of cells of said high molecular 
weight polymer, and (5) removing the Solid particles from the 
dispersed solution. Optionally, the low molecular weight 
material may be removed from the particles. Also, the method 
can include adding a Surfactant to the dispersed solution. 

DETAILED DESCRIPTION 

A high molecular weight polymer is blended with a low 
molecular material. The high molecular weight material 
should be present at less than about 50 percent by weight of 
the blend, or alternatively less than about 30 percent, or alter 
natively less than about 25 percent. 
The high molecular weight polymer has a number average 

molecular weight (Mn) of at least about 20,000 g/mole, or 
alternatively at least about 60,000 g/mole, or alternatively at 
least about 100,000 g/mole. Optionally, the high molecular 
weight polymer may be crystallizable. Exemplary polymers 
that may be used as the high molecular weight polymer 
include, but are not limited to, poly(ethylene-co-butene), a 
block copolymer of ethylene and propylene, a block copoly 
mer of polyethylene and an ethylene-styrene random copoly 
mer, a block copolymer of polybutadiene and polystyrene, 
and a block copolymer of polyethylene and polystyrene, a 
block copolymer of hydrogenated Styrene-butadiene copoly 
mers, butadiene block copolymers, polystyrene, polycarbon 
ates, poly(t-butylstyrene), and polyacrylates. Exemplary 
crystallizable polymers include, but are not limited to, 
polypropylene, polyethylene, polycarbonate, polyethylene 
oxide, polyimides, polyurethane, nylons, syndiotactic poly 
styrene, syndiotactic polybutadiene, isotactic polystyrene, 
polyethylene alcohol, and a mixture thereof. 
The low molecular weight material has a Mn of less than 

about 20,000 g/mole, or alternatively less than about 10,000 
g/mole, or alternatively less than about 5,000 g/mole. 
Although there is no particular limitation to the material 
which can be used, the following is a list of suitable materials: 

(1) Softeners: Included are mineral oils, vegetable oils and 
synthetic softeners for use in rubbers and resins. Exemplary 
mineral oils include aromatic, naphthenic, and paraffinic pro 
cess oils. Exemplary vegetable oils include castor oil, cotton 
seed oil, linseed oil, rape oil, soybean oil, palm oil, coconut 
oil, peanut oil, haze tallow, pine oil, and olive oil. 

(2) Plasticizers: Included are ester plasticizers such as 
phthalates, phthalic mixed esters, aliphatic dibasic acid 
esters, glycol esters, fatty acid esters, phosphates, and Stear 
ates; epoxy plasticizers; other plasticizers for plastics; and 
plasticizers for nitrile rubber Such as phthalates, adipates, 
sebacates, phosphates, polyethers, and polyesters. 

(3) Tackifiers: Included are coumarone resins, coumarone 
indene resins, phenol terpene resins, petroleum hydrocar 
bons, and rosin derivatives. 

(4) Oligomers: Included are crown ether, fluorinated oli 
gomers, polyisobutylene, Xylene resin, chlorinated rubber, 
polyethylene wax, petroleum resin, rosin ester rubber, poly 
alkylene glycol diacrylates, liquid rubbers (e.g., polybutadi 
ene, styrene-butadiene rubber, butadiene-acrylonitrile rub 
ber, and polychloroprene), silicone oligomers, and poly-C.- 
olefins. 

(5) Lubricants: Included are hydrocarbon lubricants such 
as paraffin and wax, fatty acid lubricants such as higher fatty 
acids and oxyfatty acids; fatty acid amide lubricants such as 
fatty acid amides and alkylene bisfatty acid amides; ester 
lubricants such as fatty acid lower alcohol esters, fatty acid 
polyhydric alcohol esters and fatty acid polyglycol esters; 
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alcohol lubricants such as aliphatic alcohols, polyhydric alco 
hols, polyglycols, and polyglycerols; metal soaps; and mix 
tures thereof. 

Other useful low molecular weight materials include latex, 
emulsion, liquid crystal, bitumen, clay, natural starch, sac 
charides, inorganic silicone oil, and phosphaZenes. Also 
included are animal oils such as beef tallow, lard, horse tal 
low, chicken oil, and fish oil; honey, fruit juice, chocolate, 
dairy products such as yogurt, organic solvents such as hydro 
carbon, halogenated hydrocarbon, alcohol, phenol, ether, 
acetal, ketone, fatty acid, ester, nitrogen compounds and Sul 
fur compound solvents; various pharmaceutical components, 
proteins, Soil modifiers, fertilizers, petroleum, water, and 
aqueous solutions. These materials may be used alone or in 
admixture. 
The blend of high molecular weight polymer and low 

molecular weight material is formed into a homogenous solu 
tion by mixing and heating the blend. The mixing temperature 
will be dependent on the high molecular weight material and 
low molecular weight material employed. The mixing tem 
perature should be high enough Such that a homogenous 
Solution is formed. As used herein, a homogenous Solution is 
one that has a Substantially uniform composition throughout. 
One possible method of measuring the uniformity of the 
Solution is by light scattering. A Substantially homogenous 
solution will scatter very little to no light at all. To form a 
homogeneous solution, the mixing temperature may be from 
0° C. to 500° C., or alternatively from 100° C. to 250° C., or 
alternatively from 150° C. to 200° C. 
The homogenous solution may further contain a filler. 

Exemplary fillers include flake inorganic fillers such as clay, 
diatomaceous earth, carbon black, silica, carbon nanotubes, 
talc, barium Sulfate, calcium carbonate, magnesium carbon 
ate, metal oxides, mica, graphite, and aluminum hydroxide; 
granular or powder Solid fillers such as metal powder, wood 
chips, glass powder, and ceramic powder; and natural and 
synthetic short and long fibers (e.g., Straw, wool, glass fibers, 
metal fibers, and polymer fibers). The inorganic filler surface 
may be modified in order to facilitate dispersion into the 
Solution. Organic fillers can also be used. Organic fillers 
include particles, and powder or granules of organic materials 
that do not dissolve in the solvent or in any of the constituent 
parts of the micro-sized particles. Exemplary organic fillers 
include, but are not limited to proteins, polar pharmaceutical 
Substances, powders or granules (e.g. ground rubber), and 
recycled particles of polymeric materials. 

While still at a temperature close to its mixing temperature, 
the homogenous solution is then dispersed into an inert mate 
rial to form a dispersed solution. The purpose of forming a 
dispersed solution is to create micro-sized droplets of the 
homogenous Solution dispersed in an inert material. Thus, the 
term dispersed solution is defined herein to represent a solu 
tion having micro-sized droplets dispersed therein. 

To prevent premature cooling of the homogenous solution, 
the inert material is also at a temperature that is approximately 
the same as the homogenous solution. The amount of homog 
enous solution present in the dispersed solution will be 
dependent on the size of droplets desired. Typically, a lower 
amount of homogenous solution present and a higher shear 
rate of mixing will generate Smaller droplets. The homog 
enous solution containing the high molecular weight polymer 
and low molecular weight material may be present at not 
more than about 50% by weight of the dispersed solution, or 
alternatively not more than about 10%, or alternatively not 
more than about 8%. 
The choice of inert material used to disperse the homog 

enous Solution into is based on what high molecular weight 
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4 
polymer and low molecular weight material are used. The 
only limitation is that the inert material should not be a good 
solvent for either the high molecular weight polymer or the 
low molecular weight material, meaning the high molecular 
weight polymer and the low molecular weight material 
should be phase separated from the inert material at the mix 
ing temperature of the dispersed solution. 
The dispersed solution is formed by mixing together the 

homogenous solution and the inert material, preferably in a 
high speed agitator Such as a high-shear mixer at a rate of at 
least 300 rpm, preferably at least 500 rpm, and more prefer 
ably at least 1,000 rpm. The mixing temperature may be from 
0° C. to 500° C., or alternatively from 100° C. to 250° C., or 
alternatively from 150° C. to 200°C. The mixing time may be 
from about 1 to 120 minutes, or alternatively from about 2 to 
90 minutes. 

Optionally, a surfactant may be added to the dispersed 
solution. A surfactant may be utilized to better stabilize the 
dispersed droplets of homogenous Solution. This enables 
smaller droplets of the homogenous solution to be formed in 
the dispersed solution. 

Exemplary Surfactants include, but are not limited to, cat 
ionic Surfactants, anionic Surfactants, and nonionic Surfac 
tants. Surfactants of the nonionic type are preferable. Silicone 
Surfactants are preferably selected as the nonionic Surfactant. 
Exemplary silicone surfactants include, but are not limited to, 
polydimethylsiloxane-block-polyethlyene, polydimethylsi 
loxane-block-polypropylene, polydimethylsiloxane-block 
polyethylene oxide, polydimethylsiloxane-block-polypropy 
lene oxide, polydimethylsiloxane-block-ethylene oxide-co 
polypropylene oxide, polydimethylsiloxane-block-styrene 
co ethylene, polydimethylsiloxane-block-polyamides, 
polydimethylsiloxane-block-polyimides, polydimethylsilox 
ane-block-polyethers, polydimethylsiloxane-block-polyes 
ters, the grafted-type block copolymers of the above, and a 
mixtures thereof. 

After forming the dispersed solution, the dispersed solu 
tion is cooled to a temperature that causes the high molecular 
weight polymer and low molecular weight material to begin 
to phase separate inside the droplets. As a result, spinodal 
decomposition takes place inside the dispersed homogenous 
Solution droplets, i.e. long wavelength concentration fluctua 
tions occur, forming a bi-continuous phase morphology 
inside each droplet. 
Once phase separation inside the droplets has started, the 

droplets are then formed into Solid particles containing a 
polymeric structure of cells, with the low molecular weight 
material being trapped inside the cell structure. The droplets 
may be formed into Solid particles by either (1) using a crys 
tallizable polymer as the high molecular weight polymer and 
cooling the droplets to a temperature below the crystallization 
temperature of the crystallizable polymer, (2) by using an 
amorphous polymer as the high molecular weight polymer 
and cooling the droplets below the glass transition tempera 
ture of the amorphous polymer, or (3) cross-linking the high 
molecular weight polymer. 

If the solid particles are formed by using a crystallizable 
polymer as the high molecular weight polymer and cooling 
the droplets below the crystallization temperature of the crys 
tallizable polymer, or by using an amorphous polymer as the 
high molecular weight polymer and cooling the droplets 
below the glass transition temperature of the amorphous poly 
mer, the rate of cooling can vary depending on the high 
molecular weight polymer and low molecular weight mate 
rial used. Additionally, the size of the cells can be controlled 
by varying the cooling rate. A fastercoolingrate will typically 
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provide Smaller cell diameters. Exemplary cooling rates may 
be between about 1° C. to about 50° C. per minute. 

If the solid particles are formed by cross-linking the high 
molecular weight polymer, cross-linking may be done by 
mixing Vulcanizing agents, such as Sulfur, Vulcanization 
accelerators, and organic peroxides, into the homogenous 
Solution containing the high molecular weight polymer and 
low molecular weight material. To form the solid particles, 
the dispersed droplets containing the Vulcanizing agents are 
heated to a temperature to cause cross-links to form. This is 
well known to those skilled in the art. Alternatively, the drop 
lets of homogenous Solution may be cross-linked by exposing 
the droplets to radiation, such as ultraviolet radiation. 

After forming the solid particles, they are then removed 
from the inert material. The particles may be removed, for 
example, by filtration, precipitation, or centrifuging. 

Optionally, after removing the micro-sized particles from 
the inert material, the trapped low molecular weight material 
may be removed to leave behind a three-dimensional porous 
micro-sized particle, wherein the high molecular weight 
polymer cell structure defines the pores. Any desired tech 
nique may be used for removing the low molecular weight 
material from the micro-sized particles. For example, the low 
molecular weight material may be removed by solvent extrac 
tion. Any solvent that dissolves the low molecular weight 
material is acceptable, so long as the high molecular weight 
polymer structure is not soluble in the solvent. Exemplary 
Solvents include, but are not limited to, aromatic hydrocar 
bons such as Xylene, toluene and benzene, unsaturated ali 
phatic hydrocarbons such as hexene and pentene, Saturated 
aliphatic hydrocarbons such as hexane and pentane, ketones 
such as acetone and methyl ethyl ketone, alcohols such as 
ethanol and butanol, chlorinated aliphatic hydrocarbons such 
as methylene chloride and chloroform, alicyclic hydrocar 
bons such as cyclohexanone, ethers such as dioxane and 
tetrahydrofuran, and esters such as butyl acetate, Supercritical 
gases such as carbon dioxide, and water. One or more solvent 
extraction steps may be carried out. 

Optionally, after removing the low molecular weight mate 
rial, the pores of the micro-sized particles may be impreg 
nated with a functional material. The functional material may 
be either a solid or a liquid. Exemplary functional materials 
include inks, pharmaceutical Substances, fragrances, electro 
lytes, liquid crystals, magnetic fluids, electroViscous fluids, 
and electrically conductive polymers. 

To impregnate the pores with a functional liquid material, 
the liquid may be exposed to the micro-sized particles to 
allow the functional material to be absorbed into the pores. 
Optionally, the liquid functional material may be diluted with 
a suitable solvent. If the functional material is solid, it may be 
melted or dissolved in a solvent, followed by allowing the 
melt or solution to be absorbed into the pores. If the functional 
material is a solid that does not melt at a relatively high 
temperature, it may be premixed with another liquid or Solid 
which does melt at Such high temperature. 

Examples of the functional material which is liquid at room 
temperature include electrolyte Solution, plating solution, liq 
uid crystal, magnetic fluid, electrorheological fluid, reactive 
organic material, etc. By impregnating a microporous body 
with organic or inorganic electrolyte Solution, there is formed 
a semi-solid electrolyte which may find use in paper cells and 
electrochromic devices. By impregnating a microporous 
body with plating solution, there is formed an impregnated 
body which is interposed between a plating member and a 
member to be plated to carry out dry plating. By impregnating 
a microporous body with liquid crystal, there is formed a 
dimming element which may find use in liquid crystal dis 
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6 
plays and variable transmission blinds. In the case of mag 
netic fluid, the impregnated microcellular composite may find 
use as flexible magnets and clean seals. In the case of elec 
trorheological fluid, the impregnated microcellular compos 
ite may find use as vibration damping devices. In the case of 
reactive organic materials, microporous bodies are separately 
impregnated with mutually reactive organic materials, and 
the impregnated bodies are placed in close contact where 
upon the organic materials react with each other to form a 
reaction product which is reinforced by the three-dimensional 
continuous network of high molecular weight polymer. This 
is applicable to reactive two-part adhesive for dry adhesion 
and reactive two-part paint. Using a dye as the functional 
material, a printing member can be prepared. More particu 
larly, a dye is blended with a softener, plasticizer, tackifier, 
oligomer or lubricant to forman ink composition with which 
a microporous body is impregnated. 

Other useful functional materials include latex, emulsion, 
bitumen, clay, natural starch, Saccharides, inorganic silicone 
oil, and phosphaZenes. Also included are animal oils such as 
beef tallow, lard, horse tallow, chicken oil, and fish oil; honey, 
fruit juice, chocolate, dairy products such as yogurt, organic 
Solvents such as hydrocarbon, halogenated hydrocarbon, 
alcohol, phenol, ether, acetal, ketone, fatty acid, ester, nitro 
gen compound and Sulfur compound solvents; various phar 
maceutical components, proteins, soil modifiers, fertilizers, 
petroleum, water, and aqueous solutions. 
Where pharmaceutical components are used as the func 

tional material, for example, there may be obtained pharma 
ceutical external preparations, such as fomentation. Any of 
pharmaceutical components which are dermatologic may be 
used. In the case of a medication intended for local action, the 
filled microcellular composite allows the medication to pen 
etrate a specific area. In the case of a medication intended for 
systemic action, the filled microcellular composite allows the 
medication to transfer into blood. A further example of a 
functional material for pharmaceutical use includes proteins. 

Further typical functional materials are fragrant compo 
nents. Exemplary fragrant components are natural flavors 
Such as lemon oil, lime oil, spearmint oil, jasmine oil, orange 
oil pine oil, menthol oil, eucalyptus oil, lavender oil, and 
musk oil; and synthetic flavors derived therefrom, such 
limonene, eugenol, citronellol, Vanillin, carvone, ionc mus 
cone, rose oxide, indole, geranyl acetate, and ethylbenzoate. 
They may be used alone or in admixture. 
The functional materials which are solid at room tempera 

ture include polymers, for example, conductive polymers 
Such as polyaniline, polypyrrole, and polyacetylene, photo 
conductive polymers such as phthalocyanine derivatives, and 
water absorbing polymers such as chitin, chitosan, acrylic 
acid polymers and polyvinyl alcohol (PVA). Also useful are 
ceramic materials such as barium titanate and Zinc Zirconate 
having piezoelectric properties, and titanium oxide having 
light absorbing properties, metals having conductive or mag 
netic properties, and carbon and other powders having con 
ductive, gas adsorbing or deodorant properties. Where ordi 
nary thermoplastic or thermosetting polymers or organic 
materials are used as the functional material, there are 
obtained composite materials in which the thermoplastic or 
thermosetting resins are improved in impact resistance, 
strength and elongation. 

Alternatively, the desired functional material may be used 
as the low molecular weight material when making the 
homogenous solution. This enables a functional composite to 
be obtained in fewer steps by allowing a functional material to 
be trapped inside the polymeric structure of cells upon for 
mation of the Solid particles. Specifically, it makes it unnec 



US 8,821,931 B2 
7 

essary to first remove a non-functional low molecular weight 
material from the micro-sized particles before impregnating 
the pores with a functional material. 

The filled microcellular composites effectively retain the 
functional material which is liquid or Solid at room tempera 
ture and allow the functional material to be slowly released 
over a long time, thus finding a variety of applications. 
The particles formed by the process described above are 

micro-sized particles that may be any size, but typically will 
have an average diameter between 1 and 500 micrometers, or 
between 10 and 500 micrometers, or between 10 and 300 
micrometers. The average diameter of the cells (i.e. pores) 
inside the micro-sized particle may be any size, but typically 
will be between 0.1 and 50 micrometers, or between 0.1 and 
30 micrometers, or between 0.1 and 20 micrometers. 

EXAMPLES 

A high molecular weight block copolymer of polyethylene 
and ethylene-butene copolymer having a Mn of 220,000, 
commercially available as Dynaron 6100P from the JSR Co., 
was blended with diisodecyl adipate having a Mn of 427. The 
high molecular weight copolymer was present at 12% by 
weight of the blend. The blend was formed into a homog 
enous solution by heating the blend to a temperature of 180° 
C. while mixing. 
A dispersed solution was then formed by mixing 50 grams 

of the homogenous solution, while still at 180°C., into 600 
grams of silicone oil. The silicone oil was at a temperature of 
180°C. The mixing was conducted in a high-shear mixer at a 
temperature of 200° C. and a rate of 2,000 rpm for one hour. 

The dispersed solution was then allowed to cool to 23° C. 
at a rate of about 5°C. perminute. The polymer particles were 
then filtered from the dispersed solution. The polymer par 
ticles were thenwashed with acetone and hexane, followed by 
a mixture of toluene and hexane. 
The description has been provided with exemplary 

embodiments. Obviously, modifications and alterations will 
occur to others upon reading and understanding the preceding 
detailed description. It is intended that the exemplary 
embodiments be construed as including all Such modifica 
tions and alterations insofar as they come within the scope of 
the appended claims or the equivalents thereof. 

The invention claimed is: 
1. A composition comprising: 
a particle comprising a polymeric structure of cells formed 

from a polymeric material comprising a polymer having 
a number average molecular weight of at least 20,000 
g/mole, wherein said cells have an average diameter 
between 0.1 and 50 micrometers and at least a portion of 
the cells are exposed on the surface of the particle: 

the particle having a diameter between 1 and 500 microme 
ters; 

wherein said polymeric material comprises one or more 
polymers selected from the group consisting of poly 
(ethylene-co-butene), a block copolymer of ethylene 
and propylene, a block copolymer of polyethylene and 
an ethylene-styrene random copolymer, a block copoly 
mer of polybutadiene and polystyrene, a block copoly 
mer of polyethylene and polystyrene, a block copolymer 
of hydrogenated styrene-butadiene copolymers, a buta 
diene block copolymer, polypropylene, polyethylene, 
polycarbonate, polyethylene oxide, polyimides, Syn 
diopolystyrene, Syndiopolybutadiene, isotactic polysty 
rene, and polyethylenes; 

wherein the cells are not created with blowing agents. 
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8 
2. The composition of claim 1, further comprising a low 

molecular weight material having a Mn of less than 20,000 
g/mole inside said cells. 

3. The composition of claim 2, wherein said low molecular 
weight material is selected from the group consisting of soft 
ening agents, plasticizers, tackifiers, oligomers, lubricants, 
petroleum hydrocarbons, and mixtures thereof. 

4. The composition of claim 2, wherein said low molecular 
weight material comprises a functional material selected 
from the group consisting of inks, pharmaceutical agents, 
fragrances, electrolytes, liquid crystals, magnetic fluids, elec 
troViscous fluids, and electrically conductive polymers. 

5. The composition of claim 1, wherein said particle has a 
diameter between 10 and 300 micrometers. 

6. The composition of claim 1, wherein said cells have an 
average diameter between 0.1 and 20 micrometers. 

7. The composition of claim 1, wherein the polymeric 
structure of cells is formed from a polymeric material com 
prising a polymer having a number average molecular weight 
of at least 100,000 g/mole. 

8. The composition of claim 1, further comprising a filler. 
9. A composition comprising: 
a particle comprising a polymeric structure of cells formed 

from a polymeric material comprising a polymer having 
a number average molecular weight of at least 20,000 
g/mole, wherein said cells have an average diameter 
between 0.1 and 50 micrometers and at least a portion of 
the cells are exposed on the surface of the particle; the 
particle having a diameter between 1 and 500 microme 
ters; and 

a low molecular weight material having a Mn of less than 
20,000 g/mole disposed inside the cells; 

wherein said low molecular weight material comprises a 
functional material selected from the group consisting of 
liquid crystals, magnetic fluids, electroViscous fluids, 
and electrically conductive polymers. 

10. The composition of claim 9, wherein said polymeric 
material comprises one or more polymers selected from the 
group consisting of poly(ethylene-co-butene), a block 
copolymer of ethylene and propylene, a block copolymer of 
polyethylene and an ethylene-styrene random copolymer, a 
block copolymer of polybutadiene and polystyrene, a block 
copolymer of polyethylene and polystyrene, a block copoly 
mer of hydrogenated Styrene-butadiene copolymers, a buta 
diene block copolymer, polypropylene, polyethylene, poly 
carbonate, polyethylene oxide, polyimides, 
syndiopolystyrene, syndiopolybutadiene, isotactic polysty 
rene, and polyethylene. 

11. The composition of claim 9, wherein said particle has a 
diameter between 10 and 300 micrometers. 

12. The composition of claim 9, wherein said cells have an 
average diameter between 0.1 and 20 micrometers. 

13. The composition of claim 9, wherein the polymeric 
structure of cells is formed from a polymeric material com 
prising a polymer having a number average molecular weight 
of at least 100,000 g/mole. 

14. The composition of claim 9, wherein said polymeric 
material comprises one or more polymers selected from the 
group consisting of poly(ethylene-co-butene), a block 
copolymer of ethylene and propylene, a block copolymer of 
polyethylene and an ethylene-styrene random copolymer, a 
block copolymer of polybutadiene and polystyrene, a block 
copolymer of polyethylene and polystyrene, a block copoly 
mer of hydrogenated Styrene-butadiene copolymers, a buta 
diene block copolymer, polypropylene, polyethylene, poly 
carbonate, polyethylene oxide, polyimides, polyurethane, 
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nylons, syndiopolystyrene, syndiopolybutadiene, isotactic 
polystyrene, polyethylene, and polyvinyl alcohol. 

15. A paper cell, electrochromic, or liquid crystal display 
device including a composition comprising: 

a particle comprising a polymeric structure of cells formed 
from a polymeric material comprising a polymer having 
a number average molecular weight of at least 20,000 
g/mole, wherein said cells have an average diameter 
between 0.1 and 50 micrometers and at least a portion of 
the cells are exposed on the surface of the particle; the 
particle having a diameter between 1 and 500 microme 
ters; and 

a low molecular weight material having a Mn of less than 
20,000 g/mole disposed inside the cells; 

wherein said low molecular weight material comprises a 
functional material selected from the group consisting of 
organic or inorganic electrolytes, liquid crystals, and 
electrically conductive polymers. 

16. The device of claim 15, wherein said polymeric mate 
rial comprises one or more polymers selected from the group 
consisting of poly(ethylene-co-butene), a block copolymer of 
ethylene and propylene, a block copolymer of polyethylene 
and an ethylene-styrene random copolymer, a block copoly 
mer of polybutadiene and polystyrene, a block copolymer of 
polyethylene and polystyrene, a block copolymer of hydro 
genated styrene-butadiene copolymers, a butadiene block 
copolymer, polypropylene, polyethylene, polycarbonate, 
polyethylene oxide, polyimides, syndiopolystyrene, syn 
diopolybutadiene, isotactic polystyrene, and polyethylene. 

17. The device of claim 15, wherein said particle has a 
diameter between 10 and 300 micrometers. 

18. The device of claim 15, wherein said cells have an 
average diameter between 0.1 and 20 micrometers. 

19. The device of claim 15, wherein the polymeric struc 
ture of cells is formed from a polymeric material comprising 
a polymer having a number average molecular weight of at 
least 100,000 g/mole. 

20. The composition of claim 1, wherein the particle is 
formed by a method comprising the steps of: 

10 

15 

10 
a. forming a homogenous solution by heating a mixture of 

a high molecular weight polymer having a Mn of at least 
20,000 and a low molecular weight material having a Mn 
of less than 20,000, wherein said low molecular weight 
polymer makes up at least about 50% by weight of the 
homogenous solution; 

b. forming a dispersed solution by dispersing the homog 
enous solution formed in step (a) into an inert material; 
wherein the homogenous solution formed in step (a) is 
phase separated from the inert material; 

c. cooling the dispersed solution formed in step (b) to cause 
the high molecular weight polymer to phase separate 
from the low molecular weight material; 

d. forming solid particles comprised of said low molecular 
weight material trapped inside a structure of cells of said 
high molecular weight polymer; and 

e. removing the solid particles formed in step (d) from the 
dispersed solution. 

21. The composition of claim 9, wherein the particle is 
20 formed by a method comprising the steps of: 

25 
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a. forming a homogenous solution by heating a mixture of 
a high molecular weight polymer having a Mn of at least 
20,000 and a low molecular weight material having a Mn 
of less than 20,000, wherein said low molecular weight 
polymer makes up at least about 50% by weight of the 
homogenous solution; 

b. forming a dispersed solution by dispersing the homog 
enous solution formed in step (a) into an inert material; 
wherein the homogenous solution formed in step (a) is 
phase separated from the inert material; 

c. cooling the dispersed solution formed in step (b) to cause 
the high molecular weight polymer to phase separate 
from the low molecular weight material; 

d. forming solid particles comprised of said low molecular 
weight material trapped inside a structure of cells of said 
high molecular weight polymer; and 

e. removing the solid particles formed in step (d) from the 
dispersed solution. 


